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We developed a systematic method for com-
puting and analyzing the energy-momentum ten-
sor inside transport models. By examining the
spatial distribution as well as the time evolution
of the energy-momentum tensor, we addressed
the question on the origin of collectivity in heavy
ion collisions. Events from Relativistic Quantum
Molecular Dynamics (RQMD) at RHIC energies
(Au+Au at 200GeV/c) were used in the initial
study.
For a system with well-de�ned particle excita-

tions, the relativistic stress tensor1 is related to
the particle distribution functions fi(~r ; ~p ; t) by
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where p� is the four-momentum, and the sub-
script i denotes particle species. For cascade
models, the integral over the phase space be-
comes a sum over particle momenta. Under
Lorentz transformations, T�� is a second-rank
tensor.
We can diagonalize T�� , a 4�4 matrix, by per-

forming a Lorentz boost followed by a rotation.
Boosting to the local rest frame, T�� is reduced
to
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where � is the local energy density and the 3� 3
matrix pij is the momentum tensor which can
be further diagonalized by a rotation transfor-
mation. The diagonalization of pij is equivalent
to �nding the three principal momentum axises
of the system. The diagonal elements, Px, Py ,
and Pz , are the pressures along the three princi-
pal axises.
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There are ten independent elements in a sym-
metric 4 � 4 matrix. By diagonalizing T�� , we
have found ten well-de�ned physical quantities
which completely characterize T�� . In addition
to the four diagonal elements, there are three pa-
rameters for the local 
ow velocity and three pa-
rameters de�ning the principal momentum axis.
For a non-equilibrium system, the local pres-

sure can be non-isotropic. We discussed this
and other di�erences to the non-dissipative hy-
drodynamical models in which the stress tensor
is related to the local energy density � and an
isotropic pressure P by

T�� = Pg�� + (�+ P )u�u� (3)

where u� = 
(1; ~v ), with ~v the local 
ow veloc-
ity, and 
 = 1=

p
1� v2.

The spatial distribution and the time evolu-
tion of T�� reveal other aspects of the systems.
For example, when the system is near equilib-
rium we can study the e�ect of viscosity. To
quantify the sensitivity of T�� in distinguish-
ing di�erent physics content, we �rst tested our
method on several well de�ned systems, such as
one 
uid with and without collective 
ow, two

uids, etc. The focus of our study is the re-
lationship between the local energy-momentum
tensors and the observables such as stopping,
transverse energy, and various types of collec-
tive 
ows. An immediate goal of this study is to
identify important observables for the day-one
physics at RHIC.


